Introduction
============

Hypertension is one of the commonly diagnosed cardiovascular diseases in the clinic and its incidence rate increases every year ([@b1-etm-0-0-4886],[@b2-etm-0-0-4886]). It can induce severe myocardial injury, heart failure, stroke and other complications, which pose great threats to human health ([@b3-etm-0-0-4886],[@b4-etm-0-0-4886]). Sustained increases in blood pressure can damage myocardial cells and cause abnormal cardiac reconstruction ([@b5-etm-0-0-4886]). Myocardial injury induced by hypertension is characterized by cardiac hypertrophy and cardiac fibrosis, which are the main causes of chronic heart failure ([@b6-etm-0-0-4886],[@b7-etm-0-0-4886]). Hypertension can induce myocardial injury through a variety of mechanisms, including neural, humoral and immune inflammatory reactions, and myocardial injury has great value in the diagnosis and treatment of hypertension ([@b8-etm-0-0-4886],[@b9-etm-0-0-4886]). In recent years, it has been demonstrated that micro RNA (miRNA) serves important roles in the process of abnormal cardiac reconstruction induced by hypertension ([@b10-etm-0-0-4886],[@b11-etm-0-0-4886]). However, the mechanism of how miRNA regulates this process remain unclear.

miRNA is a type of small non-coding RNA \~22 nucleotides long, which serves an important post-transcriptional role. It has been demonstrated that miRNA regulates the growth, differentiation and injury of cardiac cells, and thus has important clinical value ([@b12-etm-0-0-4886],[@b13-etm-0-0-4886]). Witman *et al* ([@b14-etm-0-0-4886]) determined that miR-128 serves an important role in myocardial cell hyperplasia by regulating the expression of Islet1 in newts. However, it remains unknown how miR-128 acts in myocardial injury induced by hypertension. Bioinformatics predictions have suggested that c-Met is a candidate target gene of miR-128, indicating that miR-128 may regulate the hepatocyte growth factor (HGF)-c-Met signaling pathway ([@b15-etm-0-0-4886]). It has been observed that HGF can promote the proliferation of endothelial cells in the myocardial infarction ischemic area and accelerate the formation of new capillaries ([@b16-etm-0-0-4886]). The c-Met protein is a high affinity receptor of HGF, which can transfer the cell signals after binding with HGF ([@b17-etm-0-0-4886]).

The current study aimed to investigate the role and the mechanism of miR-128 in hypertension induced myocardial injury. The results of the current study may provide experimental evidence and theoretical guidance for understanding the molecular mechanisms of hypertension in the induction of myocardial injury.

Materials and methods
=====================

### Patients

The current study included 52 patients with primary hypertension admitted to the department of cardiology at Laiwu City People\'s Hospital (Laiwu, China) between December 2012 and January 2014. Among them, there were 33 males and 19 females aged 63--71 years old (mean age, 68.9 years old; median age, 67 years). Their peripheral blood was collected. All patients had suffered from primary hypertension \>5 years (hypertension was defined as systolic pressure 140--159 mmHg, diastolic pressure 90--99 mmHg). Patients with other chronic diseases were excluded from the present study. According to the clinical grading standard of hypertension ([@b18-etm-0-0-4886]), there were 28 patients with grade II hypertension, 14 patients with grade III hypertension and 10 patients with grade IV hypertension. For controls, 20 healthy volunteers (mean age, 35 years) were recruited during the same time period and their peripheral blood was collected. Prior written and informed consent was obtained from every patient and the present study was approved by the ethics review board of Laiwu City People\'s Hospital.

### Isolation and culture of primary myocardial cells

Primary myocardial cells were isolated from newborn Sprague-Dawley rats \<3 days old (Chengdu Dossy Experimental Animals Co., Ltd., Chengdu, China). Rats were sacrificed by cervical dislocation and the apex portion of the heart was harvested by cutting open the left chest wall along the midline of the sternum. The heart was cut into 1 mm^3^ pieces using ophthalmic scissors and then washed twice with magnesium-free PBS. Following digestion with trypsin and collagenase, myocardial cells were collected and centrifuged at 200 × g at room temperature for 5 min. The collected cells (1×10^5^ cells/well) were cultured in high glucose Dulbecco\'s Modified Eagle\'s Medium (H-DMEM; BD Biosciences, Franklin Lakes, NJ, USA) with 10% fetal bovine serum (FBS; BD Biosciences) in an incubator at 37°C with 5% CO~2~ for 48 h. To induce hypoxia, 1×10^5^ cells/well were incubated in glucose-free DMEM with 1% O~2~ and 5% CO~2~ for 24 h.

### RNA extraction from peripheral blood

The peripheral blood of patients was centrifuged at 2,000 × g for 10 min at room temperature. A total of 250 µl serum in supernatant was thoroughly mixed with 750 µl TRIzol^®^ (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and RNA was extracted by phenol-chloroform methods as previously described ([@b19-etm-0-0-4886]). RNA quality was checked by gel electrophoresis and the absorbance ratio was measured at 260 and 280 nm using a spectrophotometer. miRNA cDNA was reversely transcribed using the PolyA tailing method according to the manufacturer\'s protocol and cDNA was stored at −20°C. The procedure for reverse transcription of miRNA followed the protocol provided with the miScript SYBR Green PCR kit (catalogue number: 218160; Qiagen GmbH, Hilden, Germany): 6 µl RNA template, 2X miRNA Reaction Buffer Mix 10 µl, 2 ml 0.1% bovine serum albumin, 2 ml miRNA PrimeScript RT Enzyme Mixture (Takara Biotechnology, Co., Ltd., Dalian, China). The reaction was performed at 37°C for 60 min with PolyA primer (included in the miScript kit) and the total reaction mixture volume was 20 ml.

To extract total RNA from primary cardiomyocytes, myocardial cells incubated under deprivation of oxygen and glucose were collected following 0, 2, 4, 8, 12 and 24 h culture. As mentioned previously, TRIzol and phenol-chloroform methods were used to extract total RNA. The reverse transcription protocol was same as that followed for peripheral blood.

### Fluorescence quantitative polymerase chain reaction (qPCR)

The SYBR Green Master Mix for real-time PCR (Takara Biotechnology, Co., Ltd) was used to detect the expression of miR-128 in peripheral blood and primary cardiomyocytes, following the manufacturer\'s protocol. The reaction system included 10 µl SYBR Green Master Mix, 0.5 µl forward primer and 0.5 µl reverse primer, 1 µl cDNA and 8 µl ddH~2~O. Each sample had 3 replicates. The cycle conditions were as follows: 95°C for 15 sec, followed by 40 cycles at 95°C for 15 sec and 60°C for 30 sec. The results were calculated using the 2^−ΔΔCq^ method and U6 was used as internal reference ([@b20-etm-0-0-4886]). The primer sequences were as follows: U6, forward 5′CTCGCTTCGGCAGCACA3′ and reverse 5′AACGCTTCACGAATTTGCGT3′; miR-128, forward 5′-UCACAGUGAACCGGUCUCUUU-3′ and the reverse primer was included in the miScript II RT kit without sequence information.

### Transfection of miR-128 mimics and c-Met small interfering (si)RNA in myocardial cells

Primary cultured myocardial cells were divided into three groups: Cells transfected with miR-128, cells transfected with c-Met siRNA and negative control (NC, transfected with miR-NC) group. For transfection of miR-128 mimics, cells (1×10^5^ cells/well) were cultured in antibiotic-free H-DMEM medium with 10% FBS. miR-128 mimics (1.25 µl; Hanbio Technology Co., Ltd., Shanghai, China) and 1 µl Lipofectamine^®^ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) were added to eppendorf tubes containing 50 µl Opti-MEM medium (Invitrogen; Thermo Fisher Scientific, Inc.), respectively. The two tubes were mixed together after 5 min incubation and then incubated for a further 20 min at room temperature. The mixture was added to each well. After 6 h transfection, medium was replaced with H-DMEM medium containing 10% FBS.

c-Met siRNA (Hanbio Technology Co., Ltd.) was transfected into primary myocardial cells based on same protocol. c-Met protein expression was subsequently measured following 48 h transfection with miR-128 mimics or c-Met siRNA.

### Western blot analysis

Following transfection for 48 h, myocardial cells were collected to detect the changes in c-Met expression by western blotting. Collected cells were washed twice with precooled PBS and then lysed at 4°C for 30 min with radioimmunopreciptation assay buffer (Beyotime Institute of Biotechnology, Beijing, China) containing 1% phenylmethane sulfonyl fluoride (Beyotime Institute of Biotechnology, Beijing, China) to extract the total proteins from these cells. The lysate was the centrifuged at 12,000 × g for 15 min at 4°C. The proteins from the supernatant were measured using a bicinchoninic acid protein assay kit (Beyotime Institute of Biotechnology, Beijing, China). The proteins (20 µg per lane) were separated by 12% SDS-PAGE and transferred to a PVDF membrane (Merck KGaA, Darmstadt, Germany). The membrane was blocked with 5% skim milk in TBST at room temperature for 1 h. Membranes were subsequently incubated with the following primary antibodies at room temperature for 1 h: Rabbit anti-mouse c-Met polyclonal antibody (ab14570; 1:1,000; Abcam, Cambridge, UK) and anti-GAPDH (ab8245; 1:10,000; Abcam). Membranes were incubated with secondary antibodies for 1 h at room temperature, and subsequently washed 3 times with PBST. The secondary antibodies were horseradish peroxidase-conjugated goat anti-rabbit and goat anti-mouse immunoglobulin G (ab6721 and ab678, respectively; 1:5,000; Abcam). All antibodies were purchased from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). Finally, the membrane was developed using enhanced electrochemiluminescence Beyo ECL plus reagent (Beyotime Institute of Biotechnology).

### Apoptosis detection in myocardial cells with different transfections

To elucidate the roles of miR-128 in myocardial injury, the apoptosis of cells in different groups was assessed; in cells transfected with miR-128 mimics, those transfected with c-Met siRNA and NCs. Apoptosis was detected using a FITC Annexin V Apoptosis Detection kit I (BD Biosciences) following the manufacturer\'s protocol and analyzed using BD FACSVerse flow cytometry (BD Biosciences). The FACS Diva software (version 4.0; BD Biosciences) was used to perform the analysis. Cells with positive Annexin V were determined to be in the early stage of apoptosis, cells with positive propdium iodide (PI) staining were undergoing necrosis, while cells with the positive Annexin V combined with positive PI were in the late stage of apoptosis.

### Dual luciferase assay

Based on the bioinformatics prediction, the wild-type 3′ untranslated region (UTR) and the mutant 3′UTR of c-Met were synthesized *in vitro* and were cloned into the downstream of pMIR-REPORT luciferase vector using the Spe-1 and HindIII enzymes (Beyotime Institute of Biotechnology). Human embryonic kidney (HEK) 293T cells (Shanghai Cell Bank; Chinese Academy of Sciences, Shanghai, China) were co-transfected with miR-128 mimics and wild-type c-Met 3′UTR or mutant 3′UTR. Following transfection for 24 h, cells were lysed and luciferase intensity was measured using a GloMax 20/20 luminometer (Promega Corporation, Madison, WI, USA) based on the standard protocol of the Dual Luciferase Reporter Gene Assay kit (Beyotime Biotechnology). The intensity of *Renilla* was used as control and the fluorescence intensity in different groups was analyzed.

### Statistical analysis

SPSS 19.0 software (IBM SPSS, Inc., Armonk, NY, USA) was used to perform statistical analysis. All data are presented as the mean ± standard deviation and differences were determined by the two-tailed Student\'s t test. P\<0.05 was considered to indicate a statistically significant difference. All experiments were performed in triplicate.

Results
=======

### Expression of miR-128 in peripheral blood and injured myocardial cells

To examine miR-128 expression in peripheral blood, RT-qPCR was conducted. It was determined that miR-128 expression was significantly higher in patients with hypertension (4.22±0.29) than controls (P\<0.05; [Fig. 1A](#f1-etm-0-0-4886){ref-type="fig"}). miR-128 expression was also significantly upregulated in the peripheral blood of hypertension patients in III/IV stage (2.34±0.35) compared with stage II patients ([Fig. 1B](#f1-etm-0-0-4886){ref-type="fig"}).

To assess miR-128 expression in injured myocardial cells, myocardial cells were cultured under deprivation of oxygen or glucose. Cells were collected at 0, 2, 4, 8, 12, and 24 h to detect the expression of miR-128. As shown in [Fig. 1C](#f1-etm-0-0-4886){ref-type="fig"}, miR-128 expression significantly increased at 2 h compared with at 0 h (P\<0.05).

### c-Met protein expression in myocardial cells as detected by western blot analysis

To detect the expression of c-Met protein, total proteins were extracted from myocardial cells transfected with either miR-128 mimics or c-Met siRNA. Expression of c-Met was significantly downregulated compared with NCs, when miR-128 was upregulated by miR-128 mimics (P\<0.05; [Fig. 2A and B](#f2-etm-0-0-4886){ref-type="fig"}). Similarly, c-Met protein expression was significantly downregulated (P\<0.05; [Fig. 2C and D](#f2-etm-0-0-4886){ref-type="fig"}) when transfected with siRNA c-Met, compared with NCs.

### c-Met is directly targeted by miR-128

To determine whether c-Met was directly regulated directly by miR-128, luciferase intensity was detected using a dual luciferase assay. The miR-128 seed sequence, the binding sites on c-Met 3′UTR and several base mutation were generated ([Fig. 3A](#f3-etm-0-0-4886){ref-type="fig"}). It was determined that luciferase intensity significantly decreased following co-transfection with miR-128 mimics and wild-type c-Met 3′UTR, compared with NC (P\<0.05). However, there was no significant difference between NC and mutant c-Met 3′UTR (P\>0.05; [Fig. 3B](#f3-etm-0-0-4886){ref-type="fig"}). These results indicate that miR-128 directly binds to the 'seed region' in the 3′UTR of c-Met mRNA.

### Apoptosis of myocardial cells regulated by miR-128 and c-Met

To detect cell apoptosis regulated by miR-128 and c-Met, flow cytometry was performed ([Fig. 4](#f4-etm-0-0-4886){ref-type="fig"}). It was determined that the percentage of apoptotic cells was significantly higher in the miR-128 mimic group than the NC group (P\<0.05; [Fig. 4B](#f4-etm-0-0-4886){ref-type="fig"}), indicating that miR-128 may induce the apoptosis of myocardial cells. When the expression of c-Met protein was downregulated by c-Met siRNA, the ratio of apoptosis was significantly higher (P\<0.05; [Fig. 4D](#f4-etm-0-0-4886){ref-type="fig"}), indicating that c-Met may protect myocardial cells. Taken together, these results suggest that miR-128 may promote the apoptosis of myocardial cells by increasing c-Met expression.

Discussion
==========

Hypertension is an important risk factor for cardiovascular disease, as it influences cardiovascular structure and function ([@b21-etm-0-0-4886]). Furthermore, hypertension is the primary cause of mortality from cardiovascular disease, as it can induce heart failure ([@b22-etm-0-0-4886]). The development of molecular technology has allowed the mechanism of action of hypertension to be investigated at the molecular level ([@b23-etm-0-0-4886]) and recently, miRNA has been found to participate in the myocardial fibrosis, ventricular remodeling and myocardial injury induced by hypertension ([@b10-etm-0-0-4886]). It has been determined that the expression of many miRNAs in serum, including miR-1, miR-208 and miR-133, markedly change following acute myocardial infarction, suggesting that miRNA serves an important role in myocardial injury ([@b24-etm-0-0-4886]). By analyzing the expression of miRNA in the myocardial tissue of patients with heart failure using Next Generation Sequencing technology, Barsanti *et al* ([@b25-etm-0-0-4886]) found that miR-338-3p, miR-142 and 10 other types of small RNA were closely related to heart failure. Zhang *et al* ([@b26-etm-0-0-4886]) found that miR-206 was involved in the regulation of heart neural rhythm by targeting superoxide dismutase 1. Furthermore, Chen *et al* ([@b27-etm-0-0-4886]) identified that miR-214 expression promoted myocardial cell injury by downregulating itchy E3 ubiquitin protein ligase.

Previous studies have demonstrated that the HGF/c-Met signaling pathway serves key roles in myocardial fibrosis, ventricular remodeling and apoptosis ([@b28-etm-0-0-4886],[@b29-etm-0-0-4886]). Guo *et al* ([@b30-etm-0-0-4886]) found that HGF expression was upregulated in cardiac tissue of rats that had experienced acute myocardial infarction. By inhibiting apoptosis and promoting angiogenesis, HGF can improve cardiac remodeling and heart function ([@b30-etm-0-0-4886]). Komamura *et al* ([@b31-etm-0-0-4886]) found that HGF overexpression significantly improved symptoms of hypertension and heart failure in a rat hypertension model, indicating that the HGF/c-Met signaling pathway may protect the myocardium.

The current study analyzed miR-128 expression in the peripheral blood of patients that had experienced hypertension for \>5 years. It was demonstrated that miR-128 was upregulated in patients with hypertension compared with controls and that miR-128 expression was higher in patients with stage III/IV hypertension than in patients with stage II hypertension, indicating that miR-128 may be related with the progression of hypertension. Bioinformatic predictions showed that c-Met was one of the target genes of miR-128. Therefore, it may be hypothesized that miRNA-128 participates in myocardial cell injury by directly targeting c-Met, thus regulating the activity of the HGF/c-Met signaling pathway. To test this hypothesis, primary cardiomyocytes from neonatal rats were cultured *in vitro* under deprivation of oxygen and glucose to induce myocardial cell injury. Then, miR-128 expression was detected at different points of time. It was determined that miR-128 expression increased with the culture time and reached a peak at 12 h. All these results indicate that miR-128 overexpression is related to the progress of myocardial injury.

Western blot analysis showed that the expression of c-Met protein decreased significantly and the ratio of apoptotic cells increased significantly following the transfection of miR-128 mimics. The number of apoptotic cells also increased when c-Met expression was knocked down by siRNA. Based on these results, it may be hypothesized that miR-128 promotes myocardial cell injury by regulating the expression of c-Met. The results from the dual luciferase assay showed that the fluorescent intensity decreased significantly in the miR-128 mimics group, whereas there were no significant changes in the 3′UTR mutant group.

In conclusion, the current study has demonstrated that c-Met can be regulated by miR-128 through direct complementary binding to 3′-UTR. Therefore, miR-128 may inhibit the translation of c-Met mRNA and decrease the activity of HGF/c-Met signaling pathway to promote myocardial cell injury. miR-128 and c-Met, along with their associated signaling pathways, may be potential drug targets and therefore be of great clinical value.
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![Expression of miR-128 in peripheral blood and injured myocardial cells as determined by RT-qPCR. (A) miR-128 expression was increased in hypertension peripheral blood compared with control blood. \*P\<0.05, compared with hypertension peripheral blood. (B) miR-128 was increased in III/IV hypertension peripheral blood compared with II hypertension peripheral blood ^\#^P\<0.05, compared with III/IV hypertension peripheral blood. (C) miR-128 expression significantly increased with the extension of culture time in deprivation of oxygen and glucose. ^&^P\<0.05, compared with 0 h culture. miR, microRNA; NC, negative controls.](etm-14-04-2751-g00){#f1-etm-0-0-4886}

![miR-128 repressed transcription of c-Met in myocardial cells. (A) Western blot measuring the expression of c-Met in myocardial cells transiently transfected with miR-128 mimic. (B) The expression of c-Met protein in cells transfected with miR-128 and NCs. \*P\<0.05, compared with NC group. (C) Western blot measuring the expression of c-Met protein in myocardial cells transiently transfected with siR-Met. (D) The expression of c-Met protein in cells transfected with siR-Met and NCs. \*P\<0.05 compared with NC group. miR, microRNA; siR, small interfering RNA; NC, negative controls.](etm-14-04-2751-g01){#f2-etm-0-0-4886}

![C-Met is a direct target gene of miR-128. (A) The wild type and mutant binding sites of miR-128 on c-Met 3′UTR. (B) Dual luciferase assay was used to detect whether c-Met is regulated by miR-128. \*P\<0.05, compared with NC. UTR, untranslated region; NC, negative control; miR, microRNA.](etm-14-04-2751-g02){#f3-etm-0-0-4886}

![Apoptosis of myocardial cells regulated by miR-128 and c-Met. (A) Flow cytometry was used to detect the apoptosis of myocardial cells following transfection with miR-128 mimics. (B) Apoptosis rate of myocardial cells following transfection by miR-128 mimic compared with NCs. \*P\<0.05 compared with NC. (C) Flow cytometry was used to detect the apoptosis of myocardial cells following transfection with siR-Met. (D) Apoptosis rate of myocardial cells following transfection with siR-Met compared with NCs. \*P\<0.05, compared with NC. PI, propidium iodide; NC, negative control; SiR, small interfering RNA; miR, micro RNA; FITC, Fluorescein isothiocyanate.](etm-14-04-2751-g03){#f4-etm-0-0-4886}
